Methods and analysis: PRELUDE is an ongoing
open-label, single-arm demonstration project, conducted in public and private clinics across NSW, Australia. Enrolment began in November 2014. The study is designed for 300 high-risk participantsmainly GBM and heterosexual women. Participants receive daily oral PrEP, composed of emtricitabine (FTC) and tenofovir disoproxil fumarate (TDF), for up to 2.5 years. Quarterly study visits include testing for HIV and sexually transmitted infections (STIs), assessment of ongoing eligibility and side effects, and self-reported adherence. Following each study visit, online behavioural surveys are administered to collect information on medication adherence, risk behaviours and attitudes. Blood samples will be collected in a subset of patients 1, 6 and 12 months after PrEP initiation to measure FTC/TDF concentrations. Analyses using longitudinal regression models will focus on feasibility, adherence, safety, tolerability and effects of PrEP on behaviour. This study will inform PrEP policy and guide the implementation of PrEP in Australia in people at high risk of HIV.
Ethics and dissemination:
The study will be conducted in accordance with the Declaration of Helsinki. All patients will provide written informed consent prior to participation in the study. Publications relating to each of the primary end points will be gradually released after 12 months of follow-up is complete.
Trial registration number: NCT02206555;
Pre-results.
BACKGROUND
According to the Joint United Nations Programme on HIV/AIDS (UNAIDS), there were 2.3 million new HIV infections globally in 2012, bringing the total number of people living with HIV to ∼35.3 million. 1 In Australia, HIV diagnoses have remained stable over the past 3 years, with the majority of new infections occurring in gay and bisexual men (GBM). 2 The efficacy of preexposure prophylaxis (PrEP) in preventing HIV in heterosexuals and GBM has been demonstrated in several randomised controlled trials. [3] [4] [5] [6] The Pre-exposure Prophylaxis Initiative (iPrEx) study found a 92% (95% CI 40% to 99%) reduction in the relative risk of HIV infection among men who have sex with men and transgender women who had detectable levels of study drug in plasma samples, and were thus highly adherent to daily PrEP, in comparison with people who had no detectable PrEP in their blood samples. 4 However, it must be
Strengths and limitations of this study
▪ This is an open-label trial which will better reflect 'real-world' behavioural, attitudinal and adherence practices, in comparison with previous randomised controlled trials. ▪ The study is open to groups of people excluded from previous PrEP research, including women trying to conceive naturally, and transgender men and women. ▪ This is a relatively small sample with no comparison group, but detailed data collection will allow greater insights into the study population and the effects of PrEP use in 'real-world' circumstances. noted that this risk reduction estimation comes from a case-control study within the active arm of a randomised controlled trial, thus subjecting the results to confounding and bias. Medication adherence was closely correlated with efficacy, with only 51% of the cohort having detectable blood levels of study drug. The overall relative risk reduction among the entire cohort was 44% (95% CI 15% to 63%). Other clinical trials and demonstration studies have confirmed a strong relationship between medication adherence and PrEP efficacy, 7 8 with much higher levels of PrEP effectiveness found in the preexposure prophylaxis to prevent the acquisition of HIV-1 infection (PROUD) (HIV risk reduction 86%, 90% CI 64% to 96%) 9 and France Recherche Nord et Sud Sida-HIV et Hépatites Intervention Préventive de l'Exposition aux Risques avec et pour les Gays (ANRS IPERGAY) (HIV risk reduction 86%, 95% CI 40% to 98%) 10 studies than the earlier clinical trials.
The study medication, a fixed-dose, coformulation of 200 mg emtricitabine (FTC) and 300 mg tenofovir disoproxil fumarate (TDF), was approved by the US Food and Drug Administration in July 2012 for HIV prevention.
11 Several other countries have followed suit, including France, Peru, South Africa, and most recently, Australia. Recent WHO guidelines recommend PrEP for all individuals at substantial risk of acquiring HIV, along with condom usage and other risk reduction practices. 12 These guidelines also recommend the establishment of implementation projects to examine the feasibility of PrEP in a variety of settings.
For these reasons, the New South Wales (NSW) Ministry of Health has supported the establishment of the PrEP demonstration project PRELUDE, which aims to evaluate the implementation of evidence-based provision of PrEP in healthcare settings in NSW among a sample of individuals at high risk of acquiring HIV.
Research questions
The primary objectives of the study are to assess: 1. which the study procedures and details in this paper are based on.
Sample size
As the PRELUDE study was designed as a demonstration project, the sample size was not determined by power calculations, but was informed by currently available evidence, expressions of interest for PrEP and the number of participants deemed feasible to enrol through clinics in NSW. Given the drug availability and funding provided, a sample size of 300 individuals was chosen, with the possibility of enrolling up to 30 heterosexuals (10% of the total study cohort).
Eligibility
The full list of the study inclusion and exclusion criteria is presented in table 1. In summary, eligible patients are aged over 18 years, documented to be HIV-negative at enrolment, willing to undergo all study procedures, and at medium-to-high risk of acquiring HIV, as defined by the behavioural eligibility criteria (box 1). These criteria were developed by an expert group of clinicians, researchers and community representatives to guide the PRELUDE study, and were incorporated into the Interim NSW PrEP guidelines, 13 which were based on the US Centers for Disease Control and Prevention (CDC) Interim Guidance on PrEP. 14 The PRELUDE study was then established to provide PrEP to high-HIV-risk individuals, evaluate the NSW interim guidelines and inform the development of the Australian National PrEP Guidelines. 15 The behavioural eligibility criteria took into account risk factors known to be associated with the highest incidence of HIV infection among Australian GBM. [16] [17] [18] [19] This ensured that PRELUDE targeted individuals who were at the highest risk of acquiring HIV and would thus derive the greatest benefit from free access to PrEP. A prescreening eligibility assessment was developed to assess if patients were eligible for PrEP based on the aforementioned criteria.
Clinical sites and enrolment of participants
The study roll-out was conducted in two stages. During stage I, participants were enrolled in four large public HIV and sexual health services in NSW (RPA Sexual Health Clinic, Sydney Sexual Health Centre, St Vincent's Hospital HIV, Immunology and Infectious Diseases Unit and Western Sydney Sexual Health Centre). In stage II, the model of care developed by these services was replicated in a further two public HIV and sexual health clinics (Clinic 16 at Royal North Shore Hospital and Newcastle Sexual Health Service) and two private primary care clinics (Holdsworth House Medical Practice and Taylor Square Private Clinic).
Participant recruitment has been undertaken by a variety of methods. The majority of participants are already attending the participating clinics, are identified as being at high risk of HIV by staff, and are provided with information about the PRELUDE study. Other patients are referred from s100 prescribers, which is a network of clinicians that are able to prescribe antiretrovirals and other highly specialised drugs. Some patients also self-refer, learning about the study through the PRELUDE website, from friends who were participating or by word of mouth. All participants are asked by clinicians to sign a written informed consent form prior to eligibility assessment, and another before enrolling in the study. A copy of these forms can be viewed in the appendix. Site investigators are permitted to discontinue participants if they no longer meet the study eligibility criteria (table 1). Study visits Table 2 shows the study assessment procedures. The 30-month study plan consists of: ▸ visit '0', to assess eligibility; ▸ enrolment/baseline visit; ▸ 11 medication follow-up visits; ▸ follow-up visit 3 months post medication discontinuation; and ▸ a behavioural survey to be completed following each study visit, as well as 3 and 6 months after study completion or discontinuation. Prior to enrolment, each patient undergoes testing for HIV, chlamydia, gonorrhoea and syphilis, as well as for hepatitis B (vaccination was offered if antibody negative). At each study visit, ongoing eligibility is confirmed, participants are asked about adverse events and medication adherence, are screened for HIV and other STIs, undergo laboratory evaluation of renal and liver function, and women of childbearing age undergo a pregnancy test. In addition, each participant is required to complete an online survey of behaviour, attitudes and adherence. The baseline study visit includes a complete medical history, while subsequent visits evaluate any changes in health status and medication-specific side effects. Discussions about HIV and STI risk reduction, information about medication adherence and risk reduction strategies, and condoms are offered to participants at every visit.
Behavioural surveys
The research team has extensive experience in developing behavioural surveys and has established links with the GBM community, which has high levels of altruism and interest in HIV research. To ensure adequate completion of behavioural surveys, clinicians will remind participants of the importance of prompt survey completion at each study visit. If a survey remains incomplete 3 days after a study visit, participants will receive two automated email reminders, 1 week apart, followed by clinic intervention using phone or Short Message Service (SMS) reminders.
Blood collection substudy A convenience sample of ∼100 patients enrolled in the three largest study clinics (Holdsworth House Medical Practice, Sydney Sexual Health Centre and St Vincent's Hospital HIV, Immunology and Infectious Diseases Unit) has also been asked to participate in a blood collection substudy. These clinics were chosen as they are located closest to the storage facility, St Vincent's Centre for Applied Medical Research, thus reducing the need for couriering and storage. Consecutive consenting participants at each site will be enrolled until there are at least 100 participants in the substudy. All sites have sufficient numbers of participants for enrolment in the substudy, as well as previous experience with blood sample collection for research studies. Plasma and peripheral blood mononuclear cells (PBMCs) are isolated from blood samples taken at months 1, 6 and 12, and are stored for assessment of TDF and FTC concentrations in blood, thus enabling an objective measure of medication adherence and comparison to self-reported adherence measures. These patients are also asked if they are willing to provide a separate informed consent for an optional serum sample (6 mL taken at months 1, 6 and 12), which will be collected and stored for future research. This consent form can also be viewed in the appendix. Analysis of blood samples for TDF/FTC concentrations is undertaken by the Departments of Pathology and Medicine laboratory at Johns Hopkins University School of Medicine, Baltimore, USA, in accordance with standard operating procedures.
End points
In line with the primary objectives of the study, there are five primary end points that will be pursued to determine the effectiveness and appropriateness of PrEP implementation in NSW (box 2). These can be divided into individual-level end points (safety, adherence and behavioural effects) and community-level end points (feasibility and acceptability).
Adherence to PrEP is a key focus of the PRELUDE study and is being assessed through four different methods: (1) through plasma and PBMC drug concentrations; (2) pharmacy pill-dispensing records; (3) patient self-report to clinician during clinic visits and (4) patient self-reported adherence in online surveys, as well as questions about barriers to adherence or breaks from taking the study medication. Correlation between these measures will be assessed at months 1, 6 and 12 (time points when blood collection occurs), and changing patterns of adherence throughout the study will be examined.
Another specific focus of this study is to investigate long-term behavioural changes in patients taking PrEP. It has been suggested that PrEP use may encourage users to forego other methods of risk reduction, such as condom use, because they believe PrEP is protecting them against HIV. 20 Previous studies have shown mixed results, [21] [22] [23] [24] [25] but the overwhelming evidence is that such changes in risk reduction behaviour have not been observed in PrEP cohorts to date.
The list of behavioural end points being investigated in the PRELUDE study can be viewed in box 2. In order to measure any changes in behaviour in our sample, data on a variety of risk markers such as STIs, number of HIV-positive casual partners and number of episodes of condomless anal intercourse (CLAI) will be collected regularly throughout the study.
Adverse events
Serious adverse events are life-threatening events, including HIV seroconversions, that must be reported to the sponsor within one business day, and the lead ethics committee within 72 hours. All events will be judged by a medical officer as related or unrelated to the study drugs, and will be subsequently reported to Gilead. All pregnancies in women taking PrEP will also need to be reported to Gilead. No prespecified adverse event data are being collected; however, testing for STIs and renal and hepatic function will occur at each study visit. Clinicians will ask participants to report any other adverse events or untoward medical occurrences at each quarterly visit, or at an additional visit if they present to the clinic between study visits, and these events will be captured by the clinical data management system. All participants reporting an adverse event will be followed clinically until it is resolved or stabilised.
HIV seroconversions
Participants are tested for HIV and asked about any symptoms of acute seroconversion illness at each clinic visit. In addition, data linkage to the NSW HIV and STI registry, maintained by the NSW Ministry of Health, will also allow identification of any PRELUDE participant who seroconverts within 6 months of completing the study. Participants who acquire HIV during the study will cease PrEP immediately and be managed according to the Australian national treatment guidelines. 26 Data collection Data collection occurs by a variety of methods. Paper-based prescreening forms are completed by the participant or practitioner in the clinic during the screening visit. Pharmacy data ( pill counts and dispensing records) are also recorded on paper. All other data collection is completed by clinic staff using electronic case report forms on OpenClinica, an open-source clinical trial software for electronic data capture and clinical data management (2015 OpenClinica, LLC, developed by Isovera, Inc). This includes results from laboratory tests, information on adverse events and concomitant medication use, and participant self-reported adherence to clinicians. OpenClinica Enterprise complies with US 21 Code of Federal Regulations Part 11, Electronic Records; Electronic Signatures. Roles and access are controlled, electronic signatures are enabled, protected health information is non-identifiable and the database is SSL encrypted. Regular monitoring will occur to ensure completeness and quality of the clinical data collected in the PRELUDE study. After each study visit, participants are emailed an individual link to the online questionnaire, which contains their unique study identification number embedded within it. The baseline questionnaire contains social and demographic questions that are not repeated in subsequent surveys; all follow-up surveys are composed of the same set of questions, with skip logic dependent on the participants' responses. All survey data are collected using an online survey design and implementation platform SurveyGizmo (Boulder, Colorado, USA). Data entered into the online forms use the participants' study identification number, with no identifying details recorded. SurveyGizmo is compliant and certified under the Health Insurance Portability and Accountability Act (HIPAA) (US guidelines for the handling of medical information) and Safe Harbor (European Union privacy protection standards) programmes. The final data set will be deidentified and stored securely at the Kirby Institute.
Data analysis
All participants are given a unique study identification number that is used across all data platforms to allow linkage of clinical and behavioural databases, as well as to follow each participant longitudinally through the study. Future analyses using PRELUDE study data will focus on HIV seroconversions, adherence to PrEP and changes to risk behaviours during the course of the study, as well as investigating retention rates and adverse events among participants.
Statistical analysis of sexual practices, adherence to study medication and risk of HIV seroconversion will be conducted using longitudinal regression models with time-varying exposures in STATA (StataCorp, College Station, Texas, USA). Demographic information obtained from surveys will be analysed using descriptive statistics, while more complex behavioural and Box 2 Primary end points of the PRELUDE study ▸ Feasibility of the process of pre-exposure prophylaxis (PrEP) delivery in a healthcare setting in New South Wales (NSW) -Accrual of 300 person-years of PrEP; -Seroconversion-free time on PrEP; -Retention rates among participants enrolled in the study. ▸ Acceptability -Eligibility for PrEP among individuals entering the screening process; -Among individuals found eligible to participate in the study, proportion who provide their consent to participate. ▸ Adherence -Time to PrEP discontinuation; -Number, proportion and patterns of prescribed doses taken and missed (estimated from self-report and dispensing records). ▸ Safety and side effects -Incidence of HIV seroconversion among study participants during the study, and in the 6 months following PrEP discontinuation; -Serious adverse events; -Any adverse events, and in particular those leading to the interruption or discontinuation of the study product. attitudinal data will be analysed using cross-sectional and longitudinal analysis. All data submitted to the study will be collated prior to analysis, and the effects of the missing data will be investigated. (DSMB) will be conducted at least annually, both of which include representatives of community HIV organisations. Interim analysis occurred following enrolment of the first 100 patients, with results being reported back to the PSC and DSMB, as well as participants, the NSW Ministry of Health and relevant community organisations. The primary outcome paper about HIV seroconversions during the study will be published on completion of 12 months of follow-up of all participants. Publications of the other primary study end points (box 2) are scheduled in HIV-field peer-reviewed journals following the dissemination of the primary end point paper. Findings will also be presented at key national and international HIV conferences, as well as presented at community forums and HIV and public health sector events for broad dissemination of study outcomes.
Ethics and dissemination

DISCUSSION
Despite numerous completed and ongoing PrEP studies throughout the world, the PRELUDE study has specific value for two reasons. First, this project has been developed in conjunction with, and has informed the development of, the Australian National PrEP Prescribing Guidelines, 15 and seeks to target populations at highest risk of HIV acquisition. Australia is the third country worldwide to develop National PrEP Prescribing Guidelines, after the USA 14 and South Africa. 27 Thus, the findings from the PRELUDE study will play a vital role in the evaluation and further development of these guidelines, particularly now that PrEP is approved for sale within Australia as HIV prophylaxis.
Based on the PRELUDE eligibility criteria and previous Australian research, 16 patients in this cohort are expected to be at particularly high risk of acquiring HIV in the future. The cost of FTC/TDF PrEP remains high in Australia (∼$A13 500 (US$9645) per annum for an off-label prescription 28 ); thus, access to PrEP under the universal Australian healthcare system will only occur if it is shown to be cost-effective. Previous studies from overseas 29 30 and Australia 31 have found PrEP to be costeffective if targeted to individuals at high risk of HIV.
This study is not without some limitations. First, it has enrolled a relatively small sample of 300 individuals, with follow-up restricted to a maximum of 2.5 years, so there is limited potential to detect long-term trends. Despite this, frequent detailed data collection, particularly on behavioural practices and STI testing and diagnosis, and procedures to maintain high rates of follow-up will ensure that a high-quality and complete data set is available for analysis. This is a one-arm study and there is no comparison group, but as PRELUDE is a feasibility and implementation study, this group is not necessary. We anticipate that only a small number of heterosexuals will be enrolled in the study, so we will not be able to conduct quantitative analysis on this group, but given the nature of the HIV epidemic in Australia being predominantly in GBM, this group is our primary focus for data analysis.
In conclusion, the PRELUDE study is a demonstration project designed to establish and evaluate an Australian model of prescribing oral PrEP to individuals at high risk of HIV infection. Given the planned extensive data collection and analysis, this study will provide crucial information on PrEP implementation in Australia and the impacts of PrEP use on the wider community. It will also play a major role in developing and assessing the Australian National PrEP Guidelines, resulting in optimal access to PrEP for those who need it most.
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